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Preliminary results from a search for the production of an associated lightest 

chargino, Fl, and second lightest neutralino, 22, pair with the DO detector at Fermi- 

lab’s p$ collider with fi = 1.8 TeV are presented. Based on approximately 85 pb-’ 

of data collected during the 19931995 Tevatron Runs we set a 95% C.L. upper limit 

on the chargino-neutralino cross section times brancbiug fraction to any trileptonic 

final state ranging from 0.91 pb to 0.19 pb for wino masses ranging from 45 GcV/c’ 

to 96 GeV/c’. 
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I. INTRODUCTION 

Supersymmetry (SUSY), obtained by introducing spinor generators to supplement the 
usual (bosonic) generators of the PoincarC group, has a consequence of doubling the parti- 
cle spectrum, i.e., there is a supersymmetric particle (sparticle) for every known particle. 
However, in spite of this disadvantage, SUSY provides a viable solution to a number of 

theoretical problems such as the hierarchy fine tuning problem, unification of the couplings, 
and the need for a dark matter candidate. 

In this search we are working with the so called Minimal Supersymmetric Standard Model 
(MSSM) frame work. We assume that R-parity is conserved, implying that sparticles are 
produced in pairs and there must be a lightest supersymmetric particle (LSP) which is 

stable. We assume that the lightest neutralino, 51, is the LSP. 
One of the established techniques [l] of searching for SUSY at the Fermilab Tevatron 

is through the trilepton signature from decays of the lightest chargino, El, and second 

lightest neutralino, Za, produced in association. Leptons considered in this analysis are 

only electron and muon, therefore we have four channels: eee, eep, epp, and ppp. 
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This report will present an analysis similar to our recent publication [2] but with a 
different set of data, triggers and oflline cuts. The data used in this analysis were collected 
with the D0 detector at the Fermilab Tevatron M collider operating at a center of mass 
energy of 1.8 TeV during the 19931995 Tevatron Run. 

II. ANALYSIS 

The Da detector is a general purpose dectector consisting of a central tracking System 
and a nearly hermetic uranium-liquid argon calorimeter surrounded by a toroidal muon 
spectrometer. The D0 detector and data collection system are described in detail else- 

where [3]. 
Combinations of single lepton and dilepton triggers were used for the four final states. 

These triggers included: a single muon with p” >15 GeV/c; two muons with p” > 3 
GeV/c; one muon with & > 8 GeV/c plus one electromagnetic cluster with E$ > 7 GeV; 

one electromagnetic cluster with Et > 20 GeV and missing transverse energy, & , > 15 

GeV; and two electromagnetic clusters with E$‘) > 12 GeV, E$“’ > 7 GeV, and & > ‘7 
GeV. The integrated luminosities from each channel are shown in Table I. 

To reduce trigger bias, oflline we required the first or first two leading leptons (depending 
on the triggers) to have & or Et 2 GeV above threshold. We further required that any 
lepton in the event must have E$ > 5 GeV or flT > 5 GeV/c. Electrons and muons in these 
events were then required to pass the following quality cuts. 

Electrons were required to have transverse and longitudinal shower profiles consistent 
with an electron shower [4], to have a cluster track consistent with the passage of a charged 
particle, to have a track ionisation (dE/d z consistent with a single charged particle, and to ) 
have an electromagnetic isolation Z < 0.15, where Z = [Et,* - EEM]/EEM, Etot is the total 
calorimeter cluster energy inside a cone of radius ‘R = 0.4, and EEM is the electromagnetic 

energy inside a cone of a = 0.2. 7E is defined as dm, where ~7 and 4 are the 
pseudo rapidity and asimutal angle, respectively. 

Muons were required to have a separation from any jet of at least 72 = 0.5, to be within 
141 < 1.0, to be aligned with minimum ionization energy deposition in at least 50% of 
all calorimeter layers and in at least 60% of the hadronic calorimeter layers, and to have 
impact parameters in the rz (bend) and zy (non-bend) views consistent with the muon 
having been produced at the primary event vertex. To reduce cosmic ray background, 
muons were required to be in time with the beam crossing, and any muon pair back-to-back 
within 0.1 rad was rejected. We rejected muon events in which the muon was either parallel 
or anti-parallel to the & within 0.1 rad. 

In addition to those requirements, we applied specific cuts on every channel. In the eee 
channel, to reduce the Z”/r + fake electron background, we rejected events having an 
electron pair with invariant mass between 81 and 101 GeV/c2, or having 46, < 15 GeV, or 
having the first two leading electrons back-to-back within 0.2 rad. In the eep channel, we 
rejected events having the first leading electron and muon back-to-back within 0.2 rad to 
reduce Z” + rr + fake electron background. In the epk channel we rejected events ha&g 
two leading muons parallel within 0.2 rad to reject J/$. (The back-toback cut on muon 
pairs mentioned above also reduced Z” + /A/L + fake electron background in this channel). 
Finally, in the c(c(lr channel, we required & > 10 GeV and rejected events having any 
muon pair with invariant mass less than 5 GeV/c2 to reject heavy flavor production and 
J/$, respectively. Applying all requirements described above, we found no events passed 
in any channel. 

To analyze the %I-22 signal characteristics, we generated Monte Carlo (MC) simulated 
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TABLE 1. Candidate and predicted backgound in each final state 

Channel eee w ew PPP 

j-Aft (Jh-‘) 85.0 85.0 80.2 67.4 

Candidates 0 0 0 0 

Background 0.34 f 0.07 0.65 f0.36 0.16f0.04 0.20f0.04 

events for each channel and for various WI masses, A$-+,, ranging from 45 to 96 GeV/cx using 

ISAJET 7.13 [5], hr h w ‘c incorporated the latest implementation of ISASUSY [6]. These MC 
events followed the mass relation common to many supergravity (SUGRA) inspired SUSY 
models: MG~ x Mz’, x 2Mz,[7]. Th ese events then were processed with a full simulation 

of the DO detector based on the GEANT [8] program. 
Detection efficiencies were determined using a combination of data and MC simulations. 

Kinematic and geometric acceptances were determined from MC simulations, trigger effi- 
ciencies were determined from MC simulations and data, while particle identification effi- - - 
ciencies were determined from data. Since there exist mass correlations among WI, Z2, and 

21, efficiencies can be parametrized as a function of ME,. Total efficiencies range from 0.5 

to 9.7%, Fig. 1 shows trigger+kinematic and total efficiencies for each final state. 
Backgrounds were estimated from both data and MC simulations. Standard Model pro 

cesses having three or more isolated charged leptons are expected to be small compared to 
instrumental backgrounds. The dominant background sources are primarily Z” plus fake 
electron and heavy flavor production. The total background for each final state is shown in 
Table I. 

III. RESULTS AND CONCLUSION 

To interprete the null search result, we present a 95% confidence level upper limit on 

the cross section for producing El-22 pairs times branching fraction into any one of the 
trileptonic final states. We combined the results from the four channels in the calculation 
of the limit, assuming that all four channel have the same branching fraction due to lepton 
universality. The uncertainty in this calculation (ranging from 9.6% to 24%) includes statis- 
tical and systematic uncertainties in the overall detection efficiencies (including systematic 
errors in the energy scale corrections) and the uncertainty in the luminosity (5%). 

We used a Baysian approach [9], assuming a flat prior probability distribution for the sig- 
nal cross section and gaussian distributions for statistical and systematic errors, to construct 
the limit. Fig. 2 shows the resulting limit (labelled Run 1B). For comparison we also show, 
discussed in Ref. [lo], t wo theoretical curves corresponding to the light slepton scenario (the 
upper dashed curE) and the heavy slepton scenario (the lower dashed curve), In the light 

slepton scenario, wi and Z2 will decay mostly into sleptons which will subsequently decay 

into leptons plus Zl’s. This enhances the trilepton production significantly. Also shown in 
Fig. 2 are our published result (labelled Run lA), and the current and published results 
combined (labelled Run 1A + 1B). 

In conclusion, we find no candidate events consistent with Fi-22 associated produc- 
tion and subsequent decay into trileptonic final states in 85 pb-l of data. This result is 
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consistent with the Standard Model prediction and leads to upper limits on ~(~i.%$) * 

BF(ifl - ZPZ1) * BF(Z2 --+ I&) ranging from 0.91 fi for ME, = 45 GeV/c’ to 

0.19 pb for M;c, = 96 GeV/cZ. 
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